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ABSTRACT 

The feasibility, of monitoring doses of 4~aminobiptienyi (ABP) 
via adduction to hemoglobin Ivas investigated. Rats dosed with 
ABP (from 0:5 e9/kg to 5 mg/kg) formed a stable covaisnt 
hemoglobin:ABP adduct. Approximately 5% of a single doso was 
bound as hemogiobin-.ABP; chronic dosing led to an accumula¬ 
tion of thB adduct to a level 30 times greater than that Sound 
after a single dose. Facile .n vitro hydrolysis of the. adduct 
regenerated ABP, allowing detection at the sub-ng level. Human 
hemoglobin'was also readily adducted, using AJ-bytiroxy-ABP in 
vitro. The predominant site of adduction appeared to be the 
cysteine residue in hemoglobin, The use of such adducts as 
dosimeters for ary'amine exposures in humans is discussed. 

INTRODUCTION 

In order to assess the risks to human health posed by carcin¬ 
ogens in the environment, orie must estimate the actual doses 
of these compounds. In the csss of a food-bcrna carcinogen, for 
example, one can estimate intakes by measuring levels in various 
foods. A more accurate measure of dose, however, might-ba 
provided by the measurement of the compound cr one of Its 
metabolites in exposed individuals. The levels in food only pro¬ 
vide estimates of exposure,; while the levels in vivo would sen's 
as dosimeters, reflecting actual absorption and metabolism. 

One type of dosimetry involves simply measuring amounts of 
a given compound in human tissues. Pesticides and polychio- 
rinatad biphenyls, for examine, can be measured In blood or 
adipose tissue (4) Measurements such as these will be most 
useful when the compounds have long biological lifetimes, as is, 
of course, the case with the chlorinated pesticides. 

- More often, though, the compounds of interest will be rapidly 
eliminated and/or metabolized, in these cases, the compounds 
may not be detectable per so but may accumulate as covalent 
adducts to macromoiecules, such as nucleic acids and proteins. 
Bunn ef at. (9, 1 0) and others (6, 25,38) have found that glucose, 
for example, adducts to hemoglobin, forming the glycosylated 
Hb A 1C . 3 Hb A,c levels accumulate over the 4-month lifetime of 
the protein, and clinical measurements of the adduct provide 
more reliable and more sensitive assessments of glucose status 
In diabetic individuals than do the simple measurements of free 
glucose in blood or urine <31); 

The use of hemoglobin adducts as dosimeters tor alkylating 
agants was first investigated by Ehrenberg et af. (14) tor tbs 
mutagen ethylene oxide. These Investigators showed that the 
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adducts formed in mice in a dcse-riependent fashion accumu-. 
lated ever the lifetime of trie erythrocyts during chronic expo-, 
sures and might bs used as e dosimeter in people exposed to 
suiylsrie oxids in the workplace (11,15, 34). Others have begun 
investigations on th® adduction of hemoglobin by msthyiating 
agents anti by a variety of carcinogens (16,32, 3S). 

"his report presents our initial work aimed at developing a 
•dosimeter for ABP. This compound is of considerable toxicolog¬ 
ical significance, It is recognised to be s human bladder carcin¬ 
ogen (20, 21) and is present e:t levsls of e few ng per cigarette 
in mainstream smoke and greater than 100 ng per cigarette in 
sidestream smelts (35). The increased risk, of cigarette smokers 
for bladder cancer (12, 28, 44) has been attributed to the 
presence oi carcinogenic arylamines, such as ABP, in cigarette 
smoke (27). Furthermore,'ft appears that bladder cancer risk is, 
in part, dependen t upon interspecies (22, 29) and intsrindtvioual 
(27) differences in mssebclism of aromatic amines, specifically' in 
the relative rates of W-hydrcwylailcn and W-aceiylation. Dosimetry: 
"reflective of-ths .yield of relevant metabolites might therefore be 
especially useful. We report hare that an unusually high .percent¬ 
age of administered ASP forms adducts to hemoglobin, sug¬ 
gesting that this, method could be used, to determine actual 
doses in cigarette smokers and other exposed individuals. 

'.EtflATEHJALs' ‘AMD TiiK'fMOSS ■ 

to.Wra iSspeifmsntc. Young adult male Fischer rats (Charles River 
Breeding Laboratories) with an average-weight of 200 g were given i.p. 
injections of either ABP (Sigma) or l2,2'- a H]A6P (Midwest Research 
Institute; found to bs >91% radiDchemicsliy pure by thltyteycr chroma¬ 
tography and diluted to a spsciflc activity: of 30 mCi/mmol with urtafcclsd 
ABP) in dimethyl Sulfoxide. Doses ranged: from 0.5 ug/kg to 5 mg/kg. 
Two or 3 rats wars dosed at each lovel For singls-doso studies, blood 
was obtained by cardiac puncture or via the abdominal eorte at 24 or 43 
hr after dosing. For muitlpla-dose studies, blood was obtained by punc¬ 
ture of a tail vein. The blood was pooled and iced immediately and 
cemrifuged to generate pecked R8C. The RPC were washed 3 timas in 
several volumes of cold phosphate-bufferaci saline and then lysed by the 
addition of 3 volumes of cold clisiillod water. Four volumes of 0.37 h 
phosphate, p(-: 6.5, wore added to tiia lysats to affect complete solution 
or the hemoglobin (0, 39), anti the hemolysate was centrifuged at 25,000 
x g at 4° for 25 min io precipitate the call nnembrsnos and any residual 
W5C. A small portion of the supernatant was reserved to: hrotosol (Mew 
England Nuclear) digestion. H 2 0- bleaching, and liquid scintillation count¬ 
ing, while the bulk of the supamatent was dialyzed overnight at 4° 
sgeinst dfstillad deionized water, in most cases, the remainder of die 
work-up was as follows. After reserving a sample for LSC, thg dlalysate 
was added dropwlss to 20 volumes of lead 1% HCI in acstono; this 
separates the herns, which remains fn solution, from the globln, which 
precipitates (I). Ths acetone was evaporated -from the addti acotors 
solution under an (ife, straam, and tha reddish-brown residue was either 
analyzed by LSC or further purified on a C 1s Sep-Psk (Waters Associ¬ 
ates), Throe fractions were collected from the Sep-Pak: material that 
eluted .with (a) 10 mw KCI butter, pH 2.5; (b) burterxnethanol (1:1); and 
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c).methanol. The eiuatss were c.wicentrated by rotary evaporation as , 
■needed and arulyfed: by LSC and/dr HPLC, as below. The gtobfri 
^precipitate wfi washad once wita cold acidic ecetone, twice dith cold 
acetone, uu.wcted on filter paper in a Bjchne' fennel, and dried by : 
aspiration, artd a sample .was analyzed by LSC 

the samples’were to tK - analyzed by GC a different iweii-up 
was-usod. A complete deseriptkh of tine .procedure will be presented 
elsewhere, but' the essentia! features aradhe following. Tha hcmqlycate 
was spiked With 10’ng of 4’-fkioro-A0P to sen/e as: internal standard 
and then made.OT w in hiaCH. Base-c 2 tAlyz=id hydrolysis was found to 
be preferable ’daoci-catalyzed hydrotysiE; since it yielded a much ctSaner 
chromatogram. Attar incubation a i 37® iori2 hr. the mixture was extracted . 

■ twice with 6.5 volume ol hexanEi! T’entafluoropropionic anhydride (itJ) 
was added to the hexane after H wes dried over HatSO.', After 10 rir. 
the hexane solution was concentrated wlth.a rotary evaporator to 0 2 to. 
0.5 ml for analysis by QC. The retjSoy'ery of internal standard was. typically 
about 40%. It should be emphasised that purity of sdvatts arid leagerts 
is critical to the success of this method and lhat orfy-glass, stainloss 
Eieehand Teflcn apparatus sfroiid ba used.; 

Sn Vitro Exparlmohta. Sporm whalemyoglobin (Sigma Chemical) v/ss 
prepared as metMb as fallows: 1.2 mol ol iOifefCH^ were reacted with ' 

. t mol Of myoglbbih in 50 tnw sodium phosphate, pH 7:0, for 2 min.'The 
solution was then passed though a Sio-Gsl P-6DG Size exclusion 
column, equilibrated previously.ini the sama buffer, to saparate the 
oxidant from the protein, Ojfylblwas prepared by adding a few crystals 
ot sodium drthlonits to a solutich of-Mb, in 50 phosphate. pH;.?.0, 
which had been flushed With tfe; the mixture was.then passed throuc^i 
the Bio-Gel column. 

Hemoglobin was prepared from human blood obtained by veotipunc- 
ture.aod collected in heparinized Vacutainers. Red cells were harvested 
and washed :as : above and tlton lysed with en ; equal volume of cold 
distilled water end .Off volume of tolusns. The mix lure was shaken 
vigorously for d min, allowed to sit on op for i hr, and then centrirugsd 
at 20,000 x g ferr 30 min. The Hb-containing supernatant was further 

■ p-urifieid by passing It-through tha Blo-GslP-6DG column. Samples ware 
anatyzsd by vteibte spectroscopy to confirm that all of the Hb existed as 
0 2 Hb. MefHb was prepared by oxidation with 1.2 moi of K 3 Fe(CN) 3 par 
mol of heme, followed by purification through Bio-Gal P-6DG. 

Concentrations of hemoglobin or myoglobin were dotermined by oxt- 
daiicn with KjFe-lCN),-. oorrelo ration with NaCN. and measps-entenl oi 
the absorbance at 540 nr i (4 V, 

.Reactions of N-{2,2'- ! H]OH7ABP [synthesized by ihe meihod of ThlS- 
sens ©I si (40); specific dctlvty, 4.1 rnCi/mmol) with 0 2 Mfc>; OjHb, or 
rnotHb propwded pt room tamparatura for 1 hr and were monitored: by 
visible spectroscopy- Cysteine residues available hafore and after trio 
reaction were determined by tit ration With p-mercuribenzoate (5, 7), 

In experiments dssigiiedto determine the nature of the protein adducts 
formed, N-[3,2’- 3 HpH-A8P v. : as allowed to react.with solutions of 
myoglobin or hemoglobin in ratios oi 1 mol of N-{2,2'- :, H]OH-ABP to 2 
mbfcrf heme: Reaction-mixtures vrere passed through Bio-Gel P-SDG, 

■ .samples ward analyzed by LSC, end tha solutions or homoprotein ware 
treated with cold ecitfic acetona and further purified es above. 

Inicontrol experiments, [ 3 M]ABP wra added to e solution of ChHb, In 
a ratio of 1 mol of ABP to 2 mol:.of heme. UV-vislble spectra token of 
samples of the mixture following a 1-hr Incubation at loom temperature 
revealed, no detectable oxidation of O-Hb. The fhiRture was passed 
through Bio-Qei P-6DG as above; 99,6% of tha applied tritium was 
removed by the column, i.o., only 0.2% of the tritium eluted with the 
fraction that.contained thB 1 hemoglobin. This result suggests that chro¬ 
matography on BiP-Gef to sufficient to dissociate unraaoted, noncovs- 
lently bound ABP from hemoglobin. 

Chromatographic Ana1yeit|i HPI.C was performed on a CirvBondB- 
paK column ty/aters Associates); with a solvent flow rate of 1 3 ml/min 
and, generally, oittisr of 2 safe of solvents end gradents: (e) an acidic 
buffer as ate week solvent fiO my KCI. pH 23) and meteano! as the 
QfroriQ solvent, with a J.near gradient from p% methanol to 60% methanol 
In;25 mlrt; or (fcj'a rtsutrsi bjffer of 10 mu KsHRO/i/Kt-fePOr. pH 7, as the 
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.weak Solvent and methanol 03 trio strong solvent; with a iinear gradient . 
from 2g% metriBnol to B0% methanol in SO. min.; detection was other by 
liV absorption at 204 ran (Mode 1 440 Ab3orbancs .D8tector,'Waters 
Associates) or by. flucroscgncd (Schooflal FSgvo fluorlmgter). For fluo¬ 
rescence, exetetion was ?t 24? nrr urd?r iacldio conditions, eycitailcri 
was at 2B0 nm under neutral conditions, andrarnlsSion was thiough'a 
320-nm cutoff filtor in both cases. For sems gnslysss. P.PLC eilluent 
wag monitored; by a coni.r.ucus scanning StKclropfrotorrieter (Modal 
6430, HewteTt-Packord). fladioacllvity. y/as mohllorad by cotacting suc¬ 
cessive 1 5-ml aliquots of the H?LC sfflusnt and analyzing by LSC. 

QG was'performed,vvith s iHewlett-Pcckard S830 chromatograph 
equipped with a capilary inlot and an slectrcnurapture datactor: Tlia 
cofumn was a 15-m k 0.25-mm tb fused silica capillary coated with 
Supabowax 10 (film thickness,.0.25 4rn). The carrierand m?.it.9-up gasss 
were hydrogen end 5% metharia :n argon, respectively.(ivlathason Uf!P 
grade), irijeciions were mads in a aplitless mods v,fth tfie port tempera¬ 
ture maintained si 300°. tniileJ oven iempereture was 100° idi 1 min,: 
(ollowsd by 2 tempsrntura programs (100-170'’ at. 304fmin and 170- 
21.0° at 5°/miP), followed by an isotftcnrial phese ■ 

' ' :■ :■ h..V I”'; " 

Rats dosed with [^HIABP accunulitadet considerable ifract'cri, 
of this dose in their blood. Tv-ranty-four hr after .a-single dose of 
5 mg/kg, rats showed 8.0% dr tha administered radioactivity in 
tfie R9Q compartment and less than 1.0% of this in the plasma ’. 
ccmpartment. .After dialysis of tins washed.- lysed, membrane- 
Iree.RGC, 7.3% o? tha desa remained. After.treatment with acidic 
■acsione, only. 0.13% ortiw dose-precipitated .with-.the giobin, 
white 6.6% of the dose was i'ecovared in the acidic acetone 
! solution. When this solution was evaporated ana further purified 
on e C,8-Sep-pafi;, 5.6% of the dose eluted in..the 50:50 
buffer: methanol wash. Chrcmalcgraphy of this aluate 'reveeiled 
that Ins major labeled 'ovotluct was [ 3 H1ABP it&alf, accciitniifin 
ior 524 Of ih3 oigiiisl dess (Chan 1). Since both prolonged 
dialysis of the Rac lysate and treattiisnt of the hemolysate with 
acetone alone, in tins absence of add, failed to liberate sighiftcant. 

• radioactivity, it appeared -tliat- aliform of ABP had covalerviiy 
bound to hemoglobin in vivo aid that this adduct was acid' 
hydrolyzed in vitro. 

ln:vivo, the level of the acid-te.bile herinoglcblr, adduct formed 
was directly proportional to the dose of, ASP, over tha range of 
doses, administered (Chart;2), , 

These expsrimants, which ware-perfomsci with radioacilve 
ASP, may actually uhdersetlihate the amount of add4abi!e ad¬ 
duct, as indicatsi) by experiments in which this sdduct wes 
quantifiad by CiC, z nisthcd which incorporates ar> internal stand¬ 
ard to compensate for losses In ssrnpls handling, four Bnlrnals’ 
vista, treated with ABP at 0.5 f-g/kg. GC ,C|uenttflcaiion of thg 
rti less able ABP yielded.an s'/srage value of 0.040 ± 0.017 (S,E.) 
r.moi/g o! hetricgiobin, which eerrasponds to '13% of tha doss 
bound to ibe total Hb compartment. These data era not indudsc 
in Chart 2. Tha value of 13% needs to be adjusted-downward 
to about 11%, however, be.causs there Is s beckgrountl which 
appeal's In the absence of an Qdministgred dose. The’source ci 
this background is uncsilfiln. but it has been otisorvod In 13 ol 
I .13 animals'examined thus far. in 8 cases, an accurate; quantiS 
cation was made, giving a mean value of ClGOS i- 0.002;nn\ol/c 
of hemcglpbin. Control experiments demonstrated that the com 
pound giving rise to tfc® background is a basic oompburHl, sincr 
It, as well as tha intc'mtil standard, could be extracteci oui of tix 
haxane extract ,with acid. Thus,, it seems likely that the back 
ground Is indeed ABP, - ' 
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Cl'art 1; High-pressuro-liquld cJiramatograrns of In vivo sample 1-3) ant! standard 
!&), wrttiifiijbteacefice detection, sitvtiardis 7 ng ol ABP In O.Ofe M HCirSannple is 
6.5 ml cl the 50:50 bulferimethariat vvash of toa preparation of dosed rat Wood 
(see texldcff details}. CBroieatcvpaphy; was .under e'eide conditions, es deserted 
■n tha text, The HPLC eluate was collscted In 1-min fractions far !.q.id sclnirlanon 
counting, Greater than 90% of Ihe appScd radioed. vXy was found to have eTutad 
tjetween 2i and23'mln. 



Oosp, cf-T -amlrDljl phfl n>T Ij-q/li) 

Chart2, In,vivo formation of the bfcllc t- tcABI 1 adduct ao a funaton ot sing's 
' i.p. doseB ot Adduct lavols weia.rneasued by hydroiyels in vitro to free 

fHlABP. 

Chronic administration of ASP (1 1 .4 ,*g of f 3 H]ABP given once 
every 46 fir; specific activity, 0.10 yGi/M'3) to a single.rat ted to 
am accumulation err radioactivity in ttie» blood that was some 30 
times gmatar titan that found attsr a single does (Chert 3;. Upon, 
cessation' of do 3 lng, the level of bounjd raatoactivlfthdacrsasad 


120: ■: i«n 


Charts.. Accianiaalion of radioactivity In dm tots) blvoi volume of a rat doasd 
by gavege with 11.4 rig of pHJABF (2.05 riCO in com oliionce every 2d ttys for 75 
days. Tha rat weighed 200 g on Day 1 of the experiment, and 550 g by Cray 150. 
Tha txotel blood compartment was cfiWbted tty assuming that a rat's Blood volume 
b equal to 8.4% of its.body walght (awage of values reportexiirt Ref. 3),; 

■ Tsb'a 1; 

flintWrg of W-f2,2'-44JOtyA3P to hootog/oWir nnd myogfoiito in vitro 
W-^^'-’HlOH-ABP. 0.05 mot wer, mooted per mot or heme in 2% eretonrlrtts 
(toiaiutnitettis hydroxyisiriine).99% 50 mv phosphatobuffer, pH 7. Valves shown 
araiha average of duplicates which differed from each other &v no more tfian 10%, 

. HemoCtOVhn ' % at Bound to pioipln . 

Oxyhemoglobin' ,41.8 

MstHb 44.3' ,'■ ' _ ■ 

Oxymyogtdbln 6.4 :' 

WiOtVb - 5.9 


by 2.5%: of..its ipssk- value pes: day. This suggested that the 
adduct was otesrsci somewhat more rtapiefly than unmodfiet . 
hemoglobin, which is rcrrioved at a rats of 1.7%per day (37), 

To Investigate the chemistry of HbiABP adduct .formation', we 
reacted W-C-H-A85* with hsnriogfobin or- mycglobin In 'vitro; ths 
hydroxylamine was useci since ins a rnettor inliiaiimstabOite (29)- 
As shown in Tebis >, hemoglobin bound seme 7.times more N- 
[2,2'» 3 H]OK-ABP then.did. myoglobin, on £ per mo! globin basis; 

'of the .radSoacthfily bound to hemoglobin. 35 to'90% was rsh 
covered as free- ( S H)ABP' upbn acid hydrolysis, The identity of 
the hydrolysis product was based on its oochromstog'raphy.with 
authentic. A3P and spectral characterization of the'chromatc- 
graphlcaJiy purified product. Ths UV spectra under scidic (50% 

’ methanoS, 50%-0.1 n HCI) and neutral (60% methanol, 50% 0.05 
m ammonium, formate) conditions end the mass spectrum (Cha/t 
4) >,vero identical to trioso dispiayad by authentic A3P. 

The 'difference in adduct yields between hemoglobin and my¬ 
oglobin suggested that cysteirie might be an important site for 
binding, sines sparm whale myoglobin has no cysteine residues 
(2). Titration of ths reaction mixtures of N-OH-ABP and QaHb or 
molHb with p-mBrcoribanzoate in fact revealed that the adduc- . 
tion of N-OH-ABP to hemoglobin involved the proportional loss 
of available sulihydryi residues. (Chau 5). Visibis spactrogcopy 
also shpwed that 'ho reaction of tha hydroxylamlne with Cbbib 
or 0 2 Mb involved ox'dation to tite met- form, as expected (23). 

-DIGCU3SI0M . 

t he In vivo association of aromatic aminss with the REsC and ;' 
with hemoglobin has bsen domonstrated by several investlga- 
i tors.'-As earty as i 945, Miller ef si. (30). found that rats dosed 
with 4-afnlnoa2obEnz0iri0 producsd P.BC ihst liborated the com¬ 
pound upon tieatifi'ent with'; basredr. alcohol, id 1.960, Goldblaft ' 
..et a/. (.17) reported that animals dosed- with w C-iafjefed : 2- 
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4- Aminobipheny.l 
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, ChBrt 4. Mess spectra of euthenlic ABP end the product cSlatisd from rtydrol- 
■ y sis of ntWuctaO hsmogloblri. Spaefa v«ro jwpuiied with c Hav.'btt-PacKarci 5995 
GC-M3 system using a Hawtetf-Pacfiarti erosa-llnkect mothyl stfcono-fused sifco 
capillary column. Identical retention, lim&s wereioteervad for each campouhci. 


fl ■ Oh- ,t\ I?p Addfiti / y H b, 

: (mol/mol) , 

Chart 5.: Lose of avallaWa cyewlno; In oxyhemoglobin as a function of M-OI-r 
ASP added W eifro. Cysteine residues u-cre csterm'ned try titration with tMnsrcu- 
rlbensoate. , 

nephthylarntne accumulated a fraction ot the radioactivity that- 
was “strongly attached” 1o one or more constituents of the 
contents (as opposed to the memtrene} of the H'3C, Uitlilter ef 
af. (20) found that 2-ritrosofluorene but not W-hybroxy-2:aminp- 
fiuorene reacted In vitro win glutathione to yield a-water-inscluble 
product. Treatment of this 2-nhrc;xM'luorona-g utathierve derive-' 
live With acid, base, or live ’ homegonaie regsrtaratsd the parent 
2-am lnofiuorene, Weis burr or at si. (42) reported that rats dosed 


■ .OK>“i ■ 

CltariS. ScddmB for ASPiKbEdduct tormation and hydrolysis.. I ■ 

with W-acecyh2-srviinofiuai'eite or the Af-hydroxy derivative toctf- 
izeri a portion of the close within the R53C In a tightly bound few., 
•as.judged by resistance to extraction t>y organic solvents; 24 hr 
after dosing, t - 5 % of the administered •M-QI-l-fioetyl-S-amjhoilu- 
ofere wes 30 bound. ouirinErii'tet er (19) found that liver; proteins, 
or rats given N-aoetyl- 2 -amin'oiiuorine were also adducted, at> 
patently via, reaction of the S-nitrosO-derivatiye. Dcileet at. (13), 
Grotty end Neumann (18), Neumann,atal:.{S3), and W island and 
Neumann (43) have shown that intermediates originating during 
rnafHb formation from rrans-4-a.rniriosWbana and related aro-, 
mafic amines covalenily bind to hemoglobin, that the hemoglobin-, 
binding proclivities of the aromatic amincc depend both on tw 
matHb-lorming activity and on ether measures of their acuta and 
chronic toxicisiss, and that the reaction of glutathione and protein 
.cysteine residues with aromatic ratrosp-derivativss Include the 
. formation of an.acid-tebite sulfinamide adduct. Finally, Kiese and 
Taeger (24) have shown that hemoglobin cysteine residues are 
adduced by phanylhydroxylamins In vitro. The overall mectis- 
ntem. then. by.which the Kb:ABP adducts may ba farmed in vivo 
and hydrolyzed in vitro is depicted in Chari 6 . The ai'ylamine is 
first 1 oxidized to the arylhydioxylamine, predominantly by the 
action of cytochrome P-450 in the liver; the arylhydroxytErriins 
then'-reacts- with oxyhemoglobin in a cooxidation, yielding jtria 
nitroEOarcmcitic compound and methemqglobin (23). Nitrosobr- 
phenyl would be expecisd to react with nucleophiles, and -out 
results suggest that cysteine residues cn l-'b sro tine major -site 
ot aminobip'neny! adduction. The reaction product of nitrosebi- 
phenyl and the cysteine residue would be expected to reurrarigt 
tc iris sulframide, as shown. This adduct would be labile to e.cic 
cr base hydrolysis m vitro, yielding tha-suttihic acid and reger, 
ersting tho original ary'lamine. 

While ws hdve yet to prove tills sequence of reactions or tbs 
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,Chart7. GU analysis o* human DUod samptas. The uppsi. dtromclcgrant Is . 
f f OTi an entreated sambla. The sample used for the .lower chromatogram was 
obtained from the sama individual at tfte sarne time arid sp'k&d with ABP-abduciod 
hemoglobin containing 0.3 ng of ABP, Tha 2 penis marked with arrows harm trio 
same retention 1 time as authentic ABP. The amount otlntarnalstandard H'-flujro- 
A-arhinobiphatryl K'-f-ABP)) ww, '.■O’lg. Ttr® pea* cwrespohcUpg to ABP in the 
unjpiked sample represents 0,15 rg,.,is judged by the Vrlsmal awndaro. 

structure of th9 Hb-ABP abduct, such proof is not necessary in 
exploiting the adduct as a dcslmater; its lability io hydrolysis In 
vitro reduces the problem of analysts to that of simply detecting 
ABP. The question is, then, are available technologies for the 
detection; and quantification of aromatic amines sufficient for the 
levels anticipated to' arise from possble or probable exposures? 
Before answering this question, we must address tire corollary 
. question of what adduct levee to anticipate.. 

The amount of ABP that might be, generatsd from .a fQ-ml 
blood sample taken from a. 2 pack-per-day smoker, can 1 be ' 
estimated as: 

(40 clgarettes/day x 2 ng of AESP/ agaretts) 

x 60 ileys x 0.06 x 0.002 f= 0.5 rig of ABP 
vjhere (aj 60 days is one-haf of the lifetime of the human BBC 
and Is therefore the multiptlei! to be used to calculate the steady- 
state level (34); {f?) 0.05 represents the fraction of administered 
ABP which, ri the rat, formti a stable, hydrolyzable hemoglobin 
adduct; and (c) 0.002 IS IhC fraction of an adult's entire blood 
volume represented by 10 mil. 

1 Chart 7 illustrates an axperimsnt dasrgnsd to dsmonstrBrs the 
adequacy of peasant toclirtojogy to rtiaasure sucSt levels. Stood 
was obtained from a voluntwr nonsmoker. One sample (10 ml) 
was worked up! as described for CC analysis. Another sample 


(also 10 ml) v/as splHed with ,hemoglobin!obfair>3d: from ? rot • 
dosed with [ 3 H]ABP and estimated to con)an 0.3 nc] of .adducted ' 
ABP by LSG. It was then worked up exactly as tbs first sftmpie 
Estimation of the ABP content by. comparison to the internal 
standard yielded a value of 0.4 ng after correction for fhs 
appareni background: The difference Is probably: not significant. 
If is clear from (his; experiment'that ievels or -0.05 ng/lij ml 
blood are detectable and should be accurately quantifiatrta with 
only slight improvements in chromatography. 

Compared to the hemoglobin binding: (avals found .for other 
carcinogens (33); the percentage of ABP bound as Hb;ABP is 
quite, iarge. The high yield is probably due to Ui3 metabolic action 
of hemoglobin in. converting the hydroxylamine to the reactive 
rritrosd derivative. One would expect, high yields of hemoglobin 
adducts for arylamines in general, as shown by some of the 
fnvastigstions; cliGd above. Since some of tbsss compounds, , 
such as'benzidine and 2-naphthylamlne, are also human cardn- 
ogens (25), it Would be of'interest to develop the analogous 
dosimetries. 
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